aggregated mitochondrial morphology and increased mitochondrial membrane potential. drp1 mutant PFCs also showed increased Ras and phosphorylated ERK and loss of Notch mediated differentiation. In order to dissect out the distinct roles of metabolism and morphology, we carried out genetic and pharmacological disruption of mitochondrial bioenergetics. Both forms of disruption did not change the ERK accumulation or aggregated morphology but reverted the Notch signaling defect. Interestingly mitochondrial potential disruption initiated Notch signaling in wildtype ovarioles at an earlier stage confirming their interdependence. Elevated ERK in drp1 mutant PFCs on the other hand disrupted oocyte patterning and was responsible for increased mitochondrial membrane potential and loss of Notch mediated differentiation. Our study shows that the Ras ERK pathway regulates mitochondrial morphology thereby impacting energetics for appropriate activity in oocyte patterning and Notch mediated differentiation. Direct lineage reprogramming converts one somatic cell type into another while bypassing the pluripotent state. In order to directly reprogram fibroblasts into renal cells, we systematically tested large number of transcription factors that fulfil the following criteria: high expression in the renal tissue, evolutionary conserved expression during kidney development and loss of function phenotype. This enabled us to determine four transcription factors (Emx2, Hnf1b, Hnf4a and Pax8) that convert fibroblasts into induced Renal Epithelial Cells (iRECs). Reprogramming process is stable and direct, given that iRECs do not revert their phenotype, or express markers of transient progenitors. iRECs display strong upregulation of cadherins, transcriptional regulators of kidney development and renal transporters when compared to fibroblasts and cluster more closely to primary renal epithelial cells. Expression of epithelial proteins suggested that iRECs lost mesenchymal and acquired epithelial phenotype. Moreover, ion transporters expressed in renal tubules, as well as other renal markers were detected in the correct subcellular localizations as found in renal epithelial cells in vivo. iRECs also exhibited functional properties of renal epithelial cells, such as spheroid formation, albumin uptake and sensitivity to nephrotoxic drugs. In addition, they integrated in the tubules when co-cultured with primary embryonic kidney anlagen cells and repopulated decellularized kidney scaffolds. Heterogeneous expression of segment specific proteins of proximal tubules, loop of Henle and distal tubules suggested that iRECs represent multiple renal segments. However, segmental identity can be modulated by modifying the reprogramming cocktail, e.g. Hnf4a omission decreased the expression of proximal tubule genes.
Importantly, direct reprogramming into iRECs is also feasible with human fibroblasts as a starting cell type. These cells can represent a valuable tool for drug testing and disease modelling in the future. Cell polarization leads zygotes to acquire spatial asymmetry, which in turn patterns cellular and tissue axes during development. Local modification in cortical actomyosin cytoskeleton mediates spatial segregation of partitioning-defective (PAR) proteins at the cortex, but the mechanisms that transmit cytoskeleton mechanics to cortical PAR proteins remains elusive. Here we uncover a role of actomyosin contractility in remodeling of PAR proteins through cortical clustering. During embryonic polarization in Caenorhabditis elegans, actomyosin contractility and resultant cortical tension stimulate clustering of PAR-3 at the cortex. Clustering of atypical protein kinase C (aPKC) is stimulated by PAR-3 clusters and is antagonized by activation of CDC-42. Cortical clustering of PAR proteins is associated with retardation of diffusion and/or turnover at the cortex and with effective entrainment of advective cortical flows. Our findings illustrate how contractile cytoskeleton couples cortical clustering and long-range displacement of PAR proteins during embryonic polarization. The principles described here would apply to any pattern formation that relies on local modification of cortical actomyosin and PAR proteins. The nuclear envelope (NE) is a highly organized structure regulating both chromatin organization and interactions between the nucleus and cytoplasm. As cells undergo differentiation the NE can undergo dynamic changes in its composition and function.
During early mouse embryogenesis, nuclear morphology dynamically changes with the first being in the formation of the maternal and paternal pronuclei, followed by the breakdown of their nuclear membranes and fusion of the two pronuclei to form the diploid zygote nucleus.
Here we have characterized the changes in the NE composition from the oocyte to the blastocyst stage. We focused on the nuclear lamina, composed of the A-type and B-type Lamins, and proteins of the nuclear envelope especially the LINC complex. The LINC complex consists of the Sun-domain protein family residing in the inner nuclear membrane (INM), and the Kash-domain protein family residing in the outer nuclear membrane (ONM). The Sun domain proteins of the LINC complex interact with the nuclear lamina and nucleoplasm. In contrast, the KASH-domain proteins interact with the interphase cytoskeleton. This interaction enables the nucleus to move in conjunction with the cytoskeleton.
In addition to profiling the nuclear membranes and lamina during pre-implantation development, we investigated whether the LINC complex, in particular Kash5, is required for the fusion of the maternal and paternal pronuclei. A knockdown of the Kash5
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